In this study, we designed a learning environment to foster participants' creative attitude and evaluated its effectiveness in a university class. Our educational program consists of the following three phases: (1) introduction (studying the basics of Mindstorms used as a tool), (2) creative activities (producing playground equipment using Mindstorms), and (3) self-reflective activities on the creative processes (constructing a diagram describing their own creative processes and discussing the processes). We evaluated the effectiveness based on comparisons of the pre-and post-tests and the contents of the participants' discussions. In particular, we confirmed the following three learning activities: (1) the participants discussed their creative activities from various viewpoints, (2) they also discussed the viewpoints considered to be important for creative activities, and (3) they realized the importance of idea generation, idea embodiment, and collaboration in creative activities.
Introduction
In this study, we design a learning environment to foster participants' creative attitude and evaluate its effectiveness. In this learning environment, the participants experience the following two activities. The first activity is to have the participants experience complex creative activities. The participants are challenged to produce a creative object that can move using Mindstorms. The second activity is a reflection on one's own creative process. In the field of learning science, empirical studies have confirmed that metacognitive activities such as self-explanation promote learning (Chi et al., 1994) . The participants reflect on and evaluate their own creative processes.
Overview of the educational program
Sixteen undergraduate students participated in our educational program as a part of a university class. The participants were divided into five groups. The educational program consisted of main three phases.
Phase 1: Introduction. The participants learned the bas ics of Mindstorms using an instructional manuscript, and subsequently constructed and modified a moving car with four wheels using Mindstorms.
Phase 2: Creative activity. The participants were given a mission, which was to use Mindstroms to produce creative playground equipment that can move, using the following three procedures. (a) The participants discussed their ideas and decided what to produce. (b) They tried to embody the playground equipment they had considered. (c) They discussed advantages and disadvantages of their creative processes. A cycle of these procedures was repeated four times.
Phase 3: Self-reflection on the creative process. The participants were given a diagram describing their creative processes as a base for their reflections. Then, (a) they reflected on their creative processes and added the information to the diagram, and (b) they discussed advantages and disadvantages while referring to the diagram, listed the evaluations of their processes in the evaluation sheet.
Evaluation of our educational program Analysis of Pre-and Post-tests
Here, we discuss what the participants learned through our educational program by comparing the pre-and post-tests that we carried out before and after the educational program.
In these pre-and post-tests, the participants were asked to propose ten activities that they considered to be important in general creative activities. The participants' answers were categorized into the six types (idea generation, idea embodiment, collaboration, affective factors, knowledge, and others).
Paired t-tests indicated significant differences in the increase of the number of items in idea generation (t(15)=2.70, p<.05), idea embodiment (t(15)=3.53, p<.01), and collaboration (t(15)=2.55, p<.05).
These results indicate that the participants realized the importance of idea generation, idea embodiment, and collaboration in creative activities through our program.
Analysis of the discussion
Below, we then discuss activities through which the participants learned the aforementioned knowledge.
Table 1(a) shows the items of the participants' activities that each group member referred to as advantages or disadvantages, which were also highlighted during the discussions in Phase 3. Table 1(b) also shows items that should be considered carefully throughout the activity. The activities listed in Table 1 (a) were categorized based on the same criteria used in the analysis of the pre-and post-tests.
(a) Categories of participants activities that were highlighted during the discussion.
(b) Categories of important points in creative activities that were highlighted throughout the discussion. a) indicates that the processes of idea generation, idea embodiment, and collaboration, which were pointed out as important activities in the post-test, were widely mentioned in the discussion in Phase 3. Table 1(b) indicates that considerable points in the activities were also variously discussed.
